Background: Diseases of adulthood, such as diabetes and hypertension, may be related to changes during pregnancy, particularly in kidney. We hypothesized that acute kidney injury progresses more rapidly in cases of fetal programming. Methods: Diabetic dams' offspring were divided into: CC (controls, receiving vehicle); DC (diabetics, receiving vehicle); CA (controls receiving folic Acid solution, 250 mg/kg); and DA (diabetics receiving folic acid solution). Renal function tests, morphometry, gene, and protein expression of epithelial-mesenchymal transition (EMT) markers were analyzed by qPCR and immunohistochemistry, respectively. results: Creatinine, urea, Bowman's space, and EMT markers were increased in CA and DA groups. TGF-β3, actin, and fibronectin expression was higher in CA and DA, with significant increase in DA compared to CA 2-mo offspring. There was higher expression level of TGF-β1, TGF-β3, fibronectin, and vimentin in the offspring of diabetic dams at 5 mo. Increases in TGF-β1 and TGF-β3 were more evident in the offspring of diabetic dams. conclusion: Fetal programming promotes remarkable changes in kidney morphology, and function in offspring and renal failure progression may be faster in younger offspring of diabetic dams subjected to an additional injury.
g estational diabetes mellitus can impose several threats both to the mother and to the concept. Diabetic pregnancy increases the risk of intrauterine death, prematurity, perinatal mortality, and congenital malformations (1) . It has also been demonstrated by both epidemiological and experimental studies that the offspring of diabetic mothers have an increased risk for the development of cardiovascular disease and insulin resistance in adulthood (2, 3) . Maternal diabetes promotes remarkable changes in kidney morphology and function and in vascular reactivity in mature offspring (4) . In the young animals, an altered response to glucose tolerance test and an inability to excrete a salt overload were also found (5) . The inflammation is an important component of progression to chronic renal failure and activation of inflammatory pathways may occur in early stages of diabetic dams offspring development (6) .
Acute kidney injury (AKI) is a common disease that affects about 5% of all hospitalized individuals (1, 7) . AKI may be resulted from reduced renal perfusion, renal tubules damage related to ischemia, toxicity and obstruction, tubule-interstitial inflammation and edema, or reduced filtration capacity of the glomerulus (8) . The overexpression of epithelial-mesenchymal transition (EMT) markers has been described as an indicator of the disease progress (9) . Presently, it has been observed a considerable demographic change in the AKI-affected population. There is an increase in the age of patients and association with comorbidities such as diabetes, hypertension, myocardial revascularization surgeries, and sepsis are increasingly common. Many of these changes are possibly related to the advent of dialysis (8) .
Fetal programming is a term used to designate alterations in fetal gene expression due to exposure to certain adverse events during pregnancy like maternal obesity or diabetes. These events may lead to modifications in the metabolism and mechanisms of growth of the offspring, resulting in an increase of susceptibility to chronic disease in later life (10) . Several studies have shown an association between diseases of adulthood, such as diabetes and hypertension, and changes during pregnancy, particularly in the kidney (1, 3, 11, 12) . However, no studies have correlated the influence of intrauterine environment changes on the development of new lesions acquired during adulthood, such as AKI. Therefore, we hypothesized that AKI progresses more rapidly when associated with a higher intensity of renal lesions and the increased expression of EMT markers that may be caused during fetal programming. Some studies demonstrate that maternal diabetes induced by STZ may be associated with early renal consequences in the offspring. Glomerular hypertrophy, decrease in glomerular filtration rate and renal plasma flow, increase in blood pressure and changes in vascular response related to nitric oxide were observed. These studies suggest that fetal programming may cause impaired renal function (1,3).
There was no significant difference in blood pressure, heart rate, body weight, number of glomeruli, and Lee index between the groups at 2 and 5 mo old. A significant increase of creatinine and urea levels was observed in the offspring of the controls and diabetic dams who received folic acid at 2 and 5 mo (Figures 1a,b and 2a,b) . There was no significant difference in the expression of TGF-β1, TGF-β3, actin, fibronectin, and vimentin in the offspring of diabetic dams compared to that of controls at 2 mo, DC vs. CC. Folic acid administration increased the expression of these markers in both diabetic and control offspring at 2 mo. However, significant differences were observed only between CC and CA when TGF-β1 was analyzed, between DC and DA when TGF-β3 was analyzed and between DC and DA when actin was analyzed (Figure 1c-e) . The increases in TGF-β3 and actin were significantly higher in the offspring of diabetic dams who received folic acid compared to control offspring who received folic and offspring of diabetic dams who did not received folic acid at 2 mo, DA vs. CA and DC (Figure 1d,e) . The same relationship was observed with fibronectin, however, without significant difference (Figure 1f ). There was a higher expression level of TGF-β1, TGF-β3, fibronectin, and vimentin in the offspring of diabetic dams at 5 mo, DC vs. CC. Nevertheless, our results demonstrated significant difference only when vimentin was analyzed (Figure 2g ). In the offspring of diabetic dams as well as in controls, there was an increase in all markers observed when the offspring received folic acid, CA vs. CC and DA vs. DC (Figure 2c-g ). The increases in TGF-β1 and TGF-β3 were more evident in the offspring of diabetic dams, DA vs. CA (Figures 2c,d ). There was no significant difference in the extent of renal fibrosis in any comparison. Significant positive correlations between urea and TGF-β1 (rS: 0.532; P < 0.001), urea and TGF-β3 (rS: 0.641; P < 0.001), urea and actin (rS: 0.781; P < 0.001), urea and fibronectin (rS: 0.505; P < 0.002), urea and vimentin (rS: 0.555; P < 0.001), creatinine and TGF-β1 (rS: 0.420; P < 0.012), creatinine and TGF-β3 (rS: 0.561; P < 0.001), creatinine and actin (rS: 0.739; P < 0.001), creatinine and fibronectin (rS: 0.532; P < 0.001) and creatinine and vimentin (rS: 0.472; P < 0.003) were observed. There was no significant difference in renal fibrosis in any of the analyses.
Effects of Maternal Diabetes and Folic

DISCUSSION
No significant differences in blood pressure, heart rate, body weight, and Lee index were observed between the offspring of diabetic dams and controls, suggesting normal development of the evaluated cases, in agreement with previous data (1, 12) .
Significant increases in creatinine and urea levels were found in the offspring of diabetic progenitors and controls who received folic acid at 2 and 5 mo. High doses of folic acid cause decreased renal function, as demonstrated by increased serum creatinine levels above 150% and blood urea nitrogen levels above 200%, both compared to controls. Kidney injury caused by folic acid is induced either by the deposition of folic acid crystals, which block the tubules, or by direct toxicity of tubular epithelial cells (13) . This process is characterized by tubular necrosis in the acute phase, followed by epithelial regeneration, induction of inflammatory cytokines such as tumor necrosis factor, invasion of monocytes/macrophages (14) , development of interstitial fibrosis in the chronic phase (13), loss of peritubular capillaries, atrophy, and tissue hypoxia (14) . Shortly after administration, folic acid induces a rapid appearance of crystals in the renal tubules (15), with renal insufficiency confirmed by the decline of renal function 24 h after administration (14) . Our model evaluated renal changes 36 h after the administration of folic acid, and the injury induced up to this timepoint was sufficient to cause a decline in renal function.
The expression of TGF-β1, TGF-β3, actin, fibronectin, and vimentin displayed a significant positive correlation with the levels of urea and creatinine, and there was no significant difference in renal fibrosis in any of the analyses. The tubule interstitial space plays an important role in the progression of chronic kidney diseases (9) . Changes in this compartment, such as tubular degeneration and cellular infiltration, are common in kidney diseases that progress to renal failure (16) . The new cells in the interstitium release proinflammatory cytokines, such as tumor necrosis factor-α, interleukin (IL)-6, and IL-1β, which activate resident fibroblasts and lead tubular epithelial cells to begin the process of EMT, in which epithelial cells undergo biochemical alterations and assume a mesenchymal phenotype (6) . EMT is associated with release of fibroproliferative molecules, such as TGF-β and PAI-1, and with the production of extracellular matrix proteins, such as fibronectin and collagen types I and III (17, 18 ). In our model, even in the absence of significant differences in fibrosis, we demonstrated that prefibrogenic markers involved in EMT correlated positively with urea and creatinine levels in an experimental model of the short-term induction of renal failure. These data are consistent with other studies (4), demonstrating that these can be used as markers of AKI to predict its evolution, thereby increasing the chances of more effective interventions in treating renal diseases.
There was no significant difference in the expression of TGF-β1, TGF-β3, actin, fibronectin, and vimentin in the offspring of diabetic dams as compared to that of controls (DC2 X CC2). Another research group examined the activation of inflammatory pathways in the kidneys of 2-mo-old animals from diabetic progenitors. They demonstrated that the expression of inflammatory cytokines could be triggered early in the life of the offspring, at the moment when renal injury had not been detected by clinical parameters (19) . A study, that used a similar methodology that we used, described the increase in cytokines in the offspring at 2 mo from diabetic dams induced by streptozotocin (20) . However, our data did not demonstrate changes in markers of EMT in the absence of lesions in animals with 2 mo. If these inflammatory pathways occurred in the offspring of our experiment, probably it does not affect markers of EMT in the absence of injury.
There was a significant higher expression of vimentin in the offspring of diabetic dams at 5 mo, however TGF-β1, TGF-β3, and fibronectin were also increased in this group (DC5 > CC5). Our model showed no significant differences in parameters commonly described to assess fetal programming, including the number of glomeruli and glomerular compensatory hypertrophy. One study showed that these changes could be observed long-term in the diabetic offspring at 12 mo, concluding that diabetes is an important inducer of fetal programming, which accelerates renal aging by promoting increased nephron loss (3). The lack of consensus on the presentation of these changes may Figure 1 . Analysis of renal function, glomerular number, urinary space, and epithelium mesenchymal transition (EMT) markers in the offspring at 2 mo old. Data from control and diabetic offspring with or without folic acid treatment. Control offspring (CC2, n = 5), C plus folic acid (CA2, n = 5), diabetic offspring (DC2, n = 5) and diabetic plus Folic acid (DA2, n = 5). Number after the letter indicates the age of the animals, in months. *Significance level, P < 0.05. 
Fetal programming and kidney disease
Articles be related to the different models of diabetes during pregnancy, as different doses, routes of administration, and timepoints (before or during pregnancy) were chosen for STZ administration. Our model showed increased EMT markers in diabetic offspring at 5 mo. EMT has been described in pathological conditions, such as severe fibrosis and neoplastic invasion and metastasis. After a stimulus that increases TGF-β production, the mesenchymal phenotype is induced, characterized by the expression of cytoskeleton cellular proteins, such as vimentin, and an increased deposition of extracellular matrix proteins, such as collagen and fibronectin (21) . Our results suggest that renal changes in diabetic offspring are more evident in offspring at 5 mo when they were compared with offspring at 2 mo and this experiment suggests that increased EMT markers may be new information to support the theory of fetal programming. Articles Corrêa et al.
In a study which investigated possible effects of maternal diabetes on the offspring at different ages, it was observed that in older rats, the inflammatory mechanism persists and other inflammatory cytokines are detected, suggesting that aging may amplify this process (3). There is an increased influx of inflammatory cells, alteration of cell functions, reduction in the function of stem and progenitor cells, and an age-dependent increase in the expression of TGF-β1 in the kidney (21) . Thus, the aging mechanism itself is able to activate the expression of TGF-β and its isoforms. Despite TGF-β3 may work in cooperation with TGF-β1 during EMT induction, presenting an important role in this process (22) , some studies suggest that TGF-β3 may antagonize the profibrotic effects of TGF-β1 (23) and is most related to tissue repair function, contributing to the restoration of normal function after a lesion (24) . As our data also showed an increase in TGF-β3 expression, it was demonstrated an increase in other mediators of EMT, indicating a favorable environment for reparative processes in diabetic offspring at older ages.
Actin expression did not differ in relation to fetal programming (DC5 vs. CC5). One study evaluated the expression of α-smooth muscle actin (SMA) in the glomeruli, renal tubules, and renal interstitium, usually observed during development and in pathological conditions, and found no changes in its expression in diabetic offspring until 1 mo of age (1) . No studies demonstrated increased actin expression in diabetic offspring at ages above our oldest age group, 5 mo. Thus, we conclude that actin expression does not change in the offspring of diabetic dams up to this age. Further studies are needed to evaluate its expression at older ages to confirm the effect of fetal programming on this marker.
Folic acid administration increases the expression of these markers in both diabetic and control offspring at 2 and 5 mo. The increase in TGF-β3 and actin was significantly higher in the offspring of diabetic dams treated with folic acid (DA2 > CA2). Although not significant, a similar relationship was observed with fibronectin. In our studies, the changes between groups DA and CA show that programming may worsens the evolution of renal impairment, evidenced by the expression of these markers at 2 mo. TGF-β induces the expression of α-SMA in a variety of mesenchymal cells in culture and is often associated with the phenotypic change of fibroblasts into myofibroblasts in kidney lesions (25) . In another study, cultured mice podocytes underwent phenotypic changes with increased expression of α-SMA when subjected to the influence of TGF-β1 (26) , an immunomodulatory cytokine that is important in the human kidney (27) . Our data demonstrate modification of the kidney response to damage in reprogrammed cases, clearly observed in 2 mo group.
It was not observed significant changes in EMT inducers and markers in the offspring of 5 mo. Aging is associated with a loss of renal mass, which has little influence on renal function but may increase vulnerability to other lesions of the kidney (28) . Furthermore, some authors suggest that aging is associated with an inflammatory status mediated by TGF-β (29,30). As described previously, maternal diabetes promotes the increase of EMT markers in diabetic offspring. However, in our model, the presence of injury in the offspring of 5 mo, showed that the programming does not influence the progression of renal failure. Thus, faced with kidney injury, reprogrammed young individuals may exhibit more pronounced lesion progression than older individuals, demonstrating that in older age groups, the incidence of disease is not influenced by programming, which could suggest that fetal programming may be transient.
Although there are many doubts concerning the role of EMT in renal fibrosis in vivo and that more studies are still needed to support the EMT theory (31,32), we strongly suggest that there is an increase of EMT mediators in older diabetic offspring, representing another parameter for assessing fetal programming. Our data also demonstrate modification of the pattern of the response of the kidney in relation to damage in reprogrammed subjects. Thus, the mediators increase at younger ages, leading to more rapid progression of kidney injury.
METHODS
All procedures used in this study were approved and performed in accordance with guidelines of the Ethics Committee of Biomedical Institute, Triângulo Mineiro Federal University (Permit number: 168) and were conducted following the Guide for Care and Use of Laboratory Animals published by the United States National Institutes of Health (Publication No.85-23, revised 1996). Wistar rats from our colony were maintained in a room at 22 ± 1 °C with a 12 h light cycle and 60% humidity, and all efforts were made to minimize suffering.
Animal Model
Diabetes mellitus was induced by streptozotocyn, (50 mg/kg), given by a single intraperitoneal injection to female Wistar rats (250-300 g). Control animals were given an equivalent amount of citrate buffer. Diabetic state was confirmed 48 h after, by measuring blood glucose. Only those animals with glycemic levels above 250 mg/dl were considered for mating. After 3-7 d of diabetic state confirmation, the rats were caged overnight with a male. Vaginal smears were taken in the following morning and a positive smear was considered as day 0 of gestation. All dams were housed and fed individually with the same diet. After birth, each litter, consisting of around six male rats, was left with the mother for 28 d; if the male number was not enough to complete 6, females were used but discarded at weaning, according to previous studies (1). At 2 and 5 mo, the offspring were divided into four subgroups: group CC (offspring of controls dams, receiving NaHCO3-vehicle); group DC (offspring of diabetic dams, receiving vehicle); group CA (offspring of controls dams, receiving folic acid) and group DA (offspring of diabetic dams, receiving folic acid). In each age analyzed (groups at 2 and 5 mo old), we used six dams. Each dam obtained an average of at least 4 males per litter, being selected 24 male pups from the six dams. Each pup received an identification number in accordance with its dam, and these were randomly divided among the four groups, in a way that each group was composed of pups from six different dams. The folic acid dose was 250 mg/kg in 0.2 ml of 300 mmol/l, similar to that used by Gupta et al. (13) , given by a single intraperitoneal injection. Euthanasia was performed 36 h after application of folic acid by excessive anesthetic dose.
Lee Index
Lee Index for each offspring obtained the obesity parameter. This index was calculated by the cube root of body weight (g) × 10 /nasoanal length (mm), for which a value equal to or lower than 0.300 was classified as normal at month 2 and 5 of life. For values higher than 0.300, the rats were classified as obese (33) .
Blood Pressure
Measurement of systemic blood pressure was performed by tail cuff plethysmography after 24 h of induction of renal failure in the offspring.
Morphometric Study
Morphometry was performed with longitudinal sections of the right kidney sectioned along the height of the hilum. The slides were stained with hematoxylin and eosin, and we used an interactive image analyzing system from Leica Microsystems, Leica QWin (Wetzlar, Germany). The number of glomeruli was evaluated in the entire renal cortex, at an amplification of 10×. The areas of the Bowman's capsule and capillary tuft of the glomeruli located in the juxtamedullar, intermediate, and superficial zones were analyzed at an original amplification of 620× magnification and expressed in μm 2 . Morphometry was performed on the urinary pole and/or vascular pole glomeruli. The area of the Bowman's space was determined by the difference between the area of the glomerular capillary tuft and the area of Bowman's capsule. After the hydration of the 5-μm sections, the slides were stained for 1 h in a 0.1% Sirius Red solution (Direct Red 80, Aldrich, diluted in saturated picric acid solution), followed by rapid washing in running tap water and counterstained with Harris's hematoxylin for 15 min, dehydrated and mounted in synthetic resin. Picrosirius-stained sections were evaluated by ordinary polychromatic and polarized light microscopies, and collagen fibers were quantified.
TGF-β Expression
Kidney samples were quickly frozen in liquid nitrogen. Total RNA was isolated from kidney tissue using TRizol Reagent (Invitrogen, Carlsbad, CA) methodology and RNA concentration was determined by spectrophotometer readings at an absorbance of 260 nm. Firststrand cDNA were synthesized using the MML-V reverse transcriptase (Promega, Madison, WI). All experimental protocols of real-time PCR were based on the manufacturer's recommendation using the TaqMan gold RT-PCR Core Reagents Kit (Applied Biosystems, Foster City, CA). Primer and probe to TGF-β (Rn00572010_m1) was purchased from Applied Biosystems (TaqMan Gene Expression Assays). Cycling conditions were as follows: 10 min at 95 °C, followed by 45 cycles of 15 s at 95 °C and 1 min at 60 °C. The amount of the target gene was normalized first to an endogenous reference Hypoxanthine Phosphoribosyltransferase (HPRT) and then relative to a calibrator (sample with the lowest expression, namely, sham-operated animals), using the 2-DDCt method. Hence, steady-state mRNA levels were expressed as an n-fold difference relative to the calibrator. Analyses were performed with the Sequence Detection Software 1.9 (SDS).
Immunohistochemical
We used the rabbit antibody to Smooth Muscle Actin (1:50, DakoCytomation, Glostrup, Dinamarca); Vimentin (1:100, DakoCytomation); TGFβ3 (1:40, Diagnostic Biosystems, Pleasanton, CA); e Fibronectin (1:120, Diagnostic Biosystems). Immunohistochemistry was performed on formaldehyde-fixed and paraffin-embedded (sections: 2 μm thick) from right kidney. Analysis were performed using a light microscope and the software Leica QWin.
Statistical Analysis
All data were described as mean ± SEM. Statistical evaluation of the data was carried out using the t-test or the one-way ANOVA followed by Tukey's post-test, or Kruskal-Wallis test followed by Dunn post-test. The correlation between two variables with not normal distribution was analyzed by Spearman (rS) tests. A value lower than 0.05 was considered to be significant. All statistical analyses were performed with the aid of GraphPad Prism 5.0 (GraphPad Software, San Diego, CA).
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